Abstract Late Holocene vegetation,
Introduction
The Ecuadorian Andes harbour the most species-rich ecosystems on earth (Barthlott et al. 2005) . Despite their high biodiversity, huge areas have suffered from human disturbance, in particular during the last decades. Natural vegetation regeneration and sustainable management is urgently needed, as well as conservation of less degraded areas.
To study the highly diverse mountain ecosystems in south-eastern Ecuador, extended research has been carried out within the framework of the ''Deutsche Forschungsgemeinschaft'' (DFG) research group ''Tropical Mountain Ecosystems'' focusing on Podocarpus National Park (Beck et al. 2008a) . Currently (2007 Currently ( -2010 more than 25 different research groups are working in the Estacion Cientifica San Francisco (ECSF) research area. Palaeoecological analyses of more than ten different lake, peat and soil cores in the Podocarpus National Park region started in 2005 (Matthias 2008; Niemann 2008; Niemann and Behling 2008; Niemann and Behling 2009a, b; Niemann et al. 2009 ). This palaeoecological information is needed to understand the development and dynamics of modern ecosystems for proper management and conservation.
Few palaeoenvironmental records are available from southern Ecuador and neighbouring regions. Examples of these are from Lake Ayauch in the southeastern part of Ecuadorian Amazonia (Bush and Colinvaux 1988) , from Rio Napo (Yasuni National Park) in the northwestern Amazon basin of Ecuador (Colinvaux et al. 1988a; Weng et al. 2002) , from Lake Yambo at the Inter-Andean plateau of Ecuador (Colinvaux et al. 1988b) , from Lake Surucucho in the central Ecuadorian Andes (Colinvaux 1997) , from the Colombian Cauca Valley (Berrio et al. 2002) , from Laguna de Chochos in the eastern Peruvian Andes (Bush et al. 2005) , from the Junin area in the central Peruvian Andes (Hansen et al. 1984 (Hansen et al. , 1994 , from Quelccaya ice-core in the central Peruvian Andes (Thompson et al. 1984 (Thompson et al. , 1986 (Thompson et al. , 2003 , from Lake Titicaca and the surrounding BolivianPeruvian Altiplano (Binford et al. 1997) and from the Cuzco region in Peru (Chepstow-Lusty et al. 2003) . Locations of greater interest for this study are shown in Fig. 1 .
Site description

Location
The Andes of southern Ecuador and northern Peru include the so-called Andean depression (Depression de GironCuenca in Ecuador and Huancabamba in Peru), an approximately N-S oriented topographic depression. The main peaks of the mountains in this region only reach up to elevations of about 4,000 m. Active volcanoes are absent (Richter and Moreira-Munoz 2005) . The main structural limits of the depression are reactivated crustal scale faults, which formed during successive Cretaceous and early Tertiary accretionary events along the Ecuadorian continental margin. The southern Cordillera Real is mainly composed of the geologic unit of the ''Zamora series'', consisting of Palaeozoic metamorphic rocks of widely varying metamorphic grade. Local bedrock is dominated by semipelites, quartzites and black phylites with some granitic intrusions (Litherland et al. 1994) .
The study site (Fig. 2) is located on the eastern slope of the eastern Cordillera (Cordillera Real) between the cities of Loja (2,200 m) and Zamora (1,000 m), north of the Podocarpus National Park in the E-W exposed upper Rio San Francisco valley. The ECSF research area (3°58 0 30 00 S, 79°4 0 25 00 W), covering about 1,100 ha, is a part of the study site located west of the small village of Sabanilla on a mountain ridge system about 5 km long with a north-south orientation, between 1,800 and 3,200 m in elevation. Laguna Zurita (3°58 0 28.8 00 S, 79°07 0 03.4 00 W, 2,590 m) is about 2,000 m 2 in size and 3 m deep. It is located about 4 km west of the ECSF research area, exposed on a flat mountain ridge in a small depression about 200 m above the old road from Loja to Zamora.
Modern vegetation
The description of recent vegetation of the ECSF research area follows the fieldwork data of the research group ''Tropical Mountain Ecosystems'' (Homeier et al. 2008) ( Table 1) .
The lower montane forest (LMF) occurs between ca. 1,300 and 2,100 m with an extremely diverse, two-storied tree stratum and a canopy height up to 30 m. Undisturbed communities of this type can be found particularly on steep slopes with 30-50°inclination, as well as up to ca. 2,300 m at the bottom of wind-protected river valleys. The upper montane forest (UMF) occurs between ca. 2,100 and 2,700 m, showing a low, monotypic formation, with only one tree stratum. The canopy heights attain up to 25 m. Between ca. 2,700-3,100 m subparamo (elfin-forest) vegetation occurs. This forest type forms the upper timberline with a canopy height rarely up to 6-8 m. The paramo occurs in the crest region of the Cordillera Real above the upper timberline between ca. 3,100-3,700 m. This vegetation type attains heights of up to 2 m.
Climate
The climate of Ecuador is dominated by the tropical trade wind regime, which is well established in the mid-and higher troposphere, with strong easterly winds throughout the year. The surface wind field is locally and regionally modified by the complex topography of the Andes and the thermal land-sea contrast at the Pacific coast. The southeastern part of the country, encompassing the ECSF research area is mainly influenced by easterly winds. Westerly winds occasionally occur especially in austral summer. The main rainy season lasts from April to August even if rainfall is high all through the year (Beck et al. 2008b) . As part of the so-called Andean depression, all summits in the southern Ecuadorian Andes are below the snowline.
The Cordillera Real forms a division that separates the moist eastern slopes of the Andes from the dry innerAndean basins (e.g., the Loja and Catamayo Basins). Between the eastern slopes of the Cordillera Real and the dry valley of Catamayo, which are only 70 km apart, annual rainfall values drop from over 4,000 to 300 mm year -1 (Bendix et al. 2004 ). The precipitation patterns in the ECSF research area show a strong altitudinal gradient, an increase in precipitation with elevation from the valley bottom (1,800 m) to crest region (3,200 m (Bendix et al. 2008) . The average precipitation rate near the El Tiro-Pass (2,880 m), 10 km west of the ECSF research area is about 3,500 mm year -1 (Emck 2007 ).
Materials and methods
The ca. 50 cm long soil monoliths were collected at three different altitudes in the ECSF research area by excavation. The soil monoliths were taken on a small plateau at 1,990 m (T2/250), on a flat mountain ridge at 2,520 m (Refugio) and in a small depression next to the summit at 3,155 m (Cerro de Consuelo). The monoliths were stored in split PVC tubes, wrapped with plastic film and kept under dark and cold (?4°C) conditions before processing. The 69 cm long sediment core from Laguna Zurita was raised with a Livingstone piston corer at the centre of the lake (3 m water depth) from two inflatable rubber rafts. The core was retained in the tube and stored under dark and cold (?4°C) conditions before processing.
In total, nine subsamples (soil organic matter, bulk and charcoal fragments) were taken for Accelerator Mass Spectrometer (AMS) radiocarbon dating. Radiocarbon ages were calibrated with Calib 5.0.2 (Stuiver and Reimer 1993) using the southern hemisphere calibration curve (McCormac et al. 2004) .
From the three soil monoliths a total of 73 subsamples (0.25 cm 3 ) were taken at 2 cm intervals. From the Laguna Zurita sediment core 24 subsamples (0.25 cm 3 ) were taken at 4 cm (2 cm at the lowermost core section) intervals. All samples were processed by standard methods (Faegri and Iversen 1989) . Before treatment, exotic Lycopodium spores were added to each sample for calculation of pollen concentration (pollen/cm 3 ). About 300 pollen grains were counted for each sample. The pollen sum includes tree, shrub and herb pollen and excludes aquatic pollen taxa and fern spores. Cyperaceae pollen was also excluded in the pollen sum of the Laguna Zurita record. Pollen identification relied on the reference collection from the second author comprising about 3,000 slides of neotropical species and literature (Behling 1993; Hooghiemstra 1984) , and a reference collection of about 300 species collected during the fieldwork and from the herbarium of the ECSF research station.
The ecological grouping of the identified pollen taxa into lower and upper mountain forest and (sub)-paramo follows available data in the literature (Homeier and Werner 2005; Homeier et al. 2008; Lozano et al. 2003) . Pollen and spore data are presented in pollen diagrams as percentages of the pollen sum. Carbonized particles (10-150 lm) were counted on pollen slides and presented as concentration (particles/cm 3 ). The software TILIA, TILIAGRAPH and CONISS was used to plot the pollen and spore data (Grimm 1987) . Cluster analysis (CONISS) of pollen taxa produced a dendrogram to identify the pollen zones (Figs. 3, 4, 5, 6 ). Non-destructive magnetic susceptibility scanning was performed on the split core from Laguna Zurita with a Bartington MS2F point sensor at 1 cm resolution. Also non-destructively, an Avaatech XRF-scanner provided semi-quantitative analyses of Al, Si, S, K, Ca, Ti, Mn and Fe (Richter et al. 2006; Tjallingii et al. 2007 ) at 1 cm depth intervals. Values are given in total counts (cts) (Fig. 7 ).
An area of ca. 11.2 km 2 (Figs. 2, 8) was selected for GIS-based (ESRI ArcGIS) reconstruction of ancient Zea mays cultivation, including the core sections of the soil monoliths of ECSF-Refugio and ECSF-T2/250 in the lower part of the ECSF research area. The topographic map (Mapa Militar, Loja Norte, scale 1:50,000) was georeferenced and digitalised, adopting the UTM-Grid, WGS 84, Zone17S. Terraces have been observed east of the village of Sabanilla and to the west in the Loja region, mostly on a slope inclination between 10°and 35° (Fig. 9 ). Zea mays pollen is not found at elevations over 2,520 m elevation at created. 'Krigging' raster interpolation proved to be the best way to rebuild the topography and to create a 3D Model. The inclination was calculated using surface analysis 'slope', reclassified and reconverted to vector data. 
Results
Stratigraphy
The 49 cm long soil monolith from ECSF-Cerro de Consuelo consists of grey silty clay (49-19 cm), grey silty clay with increasing organic content (19-6 cm) and brown organic material with roots (6-0 cm). According to the AMS radiocarbon dates, the possibility of a hiatus in the uppermost part of the core cannot be excluded. The 44 cm long soil monolith from ECSF-Refugio consists of decomposed dark-brown organic-rich material (44-33 cm) and brown organic material with roots (33-0 cm). The 48 cm long soil monolith from ECSF-T2/250 consists of decomposed dark-brown organic-rich material (48-17 cm) and brown organic material with roots (17-0 cm). The three soil monoliths were excavated from wet depressions. Deposition appears to have been undisturbed, but bioturbation cannot be entirely ruled out. The 69 cm long sediment core from Laguna Zurita consists of compacted light-brown organic-rich material with clay (69-33 cm) and brown fine detritus mud (33-0 cm).
Site specific data for the three soil monoliths from ECSF research area and the Laguna Zurita sediment core are given in Table 2 .
Chronology
We obtained nine AMS radiocarbon dates (Table 3) , seven from the three soil monoliths of the ECSF research area and two from the Laguna Zurita sediment core. Because macroscopic charcoal was absent from the upper parts of the soil monoliths from ECSF-Refugio and ECSF-T2/250, soil organic matter was dated. The dated material was contaminated by recent organic material (decomposed rootlets) and cannot be used for the chronology. Dating of fractions of soil organic matter obtained by alkali-acid extraction is promising, but which fraction renders the most accurate 14 C dates is still subject to debate (Tonneijck et al. 2006) . Extrapolation of the AMS radiocarbon dates provides basal core ages of ca. 1300 cal B.P. for ECSF-Cerro de Consuelo, ca. 1100 cal B.P. for ECSF-Refugio, ca. 1200 cal B.P. for ECSF-T2/250 and ca. 1300 cal B.P. for Laguna Zurita.
Description of the pollen diagram of ECSF-Cerro de Consuelo
The pollen record of ECSF-Cerro de Consuelo in general shows no changes except a higher occurrence of Podocarpaceae, Hedyosmum, Ilex, Myrsine and Ericaceae in Zone C-1 (49-40 cm, older than ca. 1200 cal B.P. [A.D. 750], 5 subsamples) (Fig. 3) . Zone C-2 (40-20 cm, ca. 1200-900 cal B.P. [A.D. 750-1050] , ten subsamples) is characterised by high pollen and charcoal concentrations. XRF-scanning and physical properties of the Laguna Zurita sediment core
The zonation of the pollen diagram (Z-1, Z-2 and Z-3) was adopted for XRF data. A correlation matrix (Spearman Rank Order Correlation) showed positive correlations of Ti to K, Fe and Si (K: r = 0.715, Fe: r = 0.629 and Si: r = 0.837, K to Fe: r = 0.800 and Si: r = 0.921 and Fe to Si: r = 0.753, p \ 0.001) (Fig. 7) . Al was also significantly correlated to all four elements (Si: r = 0.476, Fe: r = 0.519, K: r = 0.558, Ti: r = 0.452, p [ 0.001). As correlations among the mentioned elements are significant and show high correlation coefficients only Si, Ti and Fe are plotted for palaeoenvironmental reconstruction. Counts of all other elements were too low for interpretation. Si, Ti and Fe decrease steadily from their highest values at the base of Zone Z-1. Si, Ti and Fe have relatively low counts in zones Z-2 and Z-3 with minima between 46 and 34 cm. Magnetic susceptibility was correlated positively to Si: r = 0.638, Fe: r = 0.535, K: r = 0.567, Ti: r = 0.714 and Al: r = 0.458, p [ 0.001 and broadly follows the records of Si, Ti and Fe.
GIS-based calculation of ancient Z. mays cultivation About 54.6% of the area is has an inclination of [35°( unsuitable for Z. mays cultivation), 42.6% an inclination of 10-35°(suitable for terraces), and 2.8% an inclination of \10°(terraces not necessary) (Fig. 8 ).
Interpretation and discussion
Vegetation, climate and fire dynamics on the elevational gradient The pollen record of ECSF Cerro de Consuelo at 3,155 m elevation (Fig. 3) shows relatively few changes, except for higher occurrences of Podocarpaceae, Hedyosmum, Ilex, Myrsine and Ericaceae in zone C-1 prior to ca. 1200 cal (Wille et al. 2002) . The reason for the low treeline in the Podocarpus National Park area is still under discussion. It may be a result of the so-called Andean depression, which probably caused a shift of the tree-line to a lower elevation. The modern upper-forest line in the Guandera Biological Reserve (0°36 0 N), near the Ecuadorian-Colombian border, is at ca. 3,600 m (Bakker et al. 2008) . The modern tree-line in northern and central Ecuador is at about 3,400-3,600 m. At El Tiro-Pass, on the road from Zamora to Loja 10 km west of ECSF research area, the modern tree-line is at ca. 2,800 m (Bader 2007) . The position of the upper timberline (UTL) varies considerably along the neotropical cordilleras. Between 1°N and 17°S, the UTL is between 4,000 and 4,800 m, often formed by Polylepis woodlands. Open Polylepis stands occur up to 5,100 m. At El Tiro-Pass, the UTL is between 2,790 and 2,820 m. At Cerro de Consuelo in the upper part of the ECSF research area, the UTL is between 2,730 and 3,040 m . The zone of 'low Neotropical UTL' is between 3°and 7°S, within the so-called Amotape-Huancabamba Floristic Zone (Weigend 2002) . The UTL depression results from the absence of the usually superposing Polylepis belt, which is associated with extremely high precipitation in the eastern chain of the cordilleras in northern Peru and southern Ecuador, and it is absent from perhumid mountain regions (Kessler 1995) .
The modern (sub)-paramo vegetation developed in zone C-3 after ca. 900 cal B.P. (A.D. 1050) . A decrease of Weinmannia, as well as a low fire frequency and the increase of Melastomataceae, Poaceae and Jamesonia, may indicate less human activity rather than cooler conditions at higher elevations.
The pollen record of ECSF Refugio at 2,520 m elevation (Fig. 4) shows a change in floristic composition, a decrease in Podocarpaceae, Ilex, Myrtaceae and ferns, as well as a strong increase in Melastomataceae in zone R-2 at ca. 800 cal B.P. (A.D. 1150) . Apparently the decrease in fire frequency in zone R-2 was responsible for the change in vegetation. The local extinction of the tree fern, probably Cyathea conjugata, might also be related to frequent burning during the past. The modern upper mountain forest vegetation became established in zone R-3 after ca. 800 cal B.P. (A.D. 1150) .
The relatively frequent pollen of Clethraceae in the UMF zone probably originated from the tree Purdiaea nutans. Clethra itself is rare in the ECSF research area. Purdiaea nutans is a rare tree in the northern Andes, but exceptionally frequent in the ECSF research area between 2,150 m and 2,650 m elevation. The Purdiaea forest, with up to about 80% of individuals, is poor in other species (Mandl et al. 2008) . A separation of Clethra and Purdiaea pollen in fossil archives is not possible. The pollen record of ECSF Refugio shows the lowest pollen and spore diversity; only 72 different taxa have been identified (Table 2 ). The low diversity may be a result of the dominance of Purdiaea. Data from pollen monitoring in the ECSF research area document a predominance of Purdiaea pollen between 2,300 and 2,550 m (Niemann and Behling 2009b) .
The pollen record of ECSF T2/250 at 1,990 m elevation (Fig. 5) The pollen diagram from El Tiro-Pass (2,810 m), about 10 km from ECSF research area also shows a marked decrease in fire intensity during the last few centuries (Niemann and Behling 2008) .
The pollen record of Laguna Zurita at 2,590 m elevation (Fig. 6) shows a high occurrence of Poaceae and a lower occurrence of Weinmannia, Melastomataceae and Clethra, associated with relatively high fire intensity, indicating a somewhat open forest around the lake in zone Z-1 before ca. 900 cal B.P. (A.D. 1050) . Zone Z-2 shows a marked change in floristic composition between ca. 900 and 700 cal B.P. (A.D. 1050-1250 ). Poaceae decreased, while Weinmannia and Melastomataceae increased, indicating a change to a closed forest around the lake.
The high occurrence of Cyperaceae and Isoetes indicates marshy lake shores with a low lake level before ca. The palynological data clearly show a lake-level rise after ca. 1200 cal B.P. (A.D. 750), which could be explained by increased precipitation. A large number of palaeoenvironmental records from other sites in the northern Andes reveal increased precipitation during the late Holocene, indicating that the last millennium was the wettest of the preceding eight. For example, fossil-pollen records from the central Peruvian Andes at elevations above 4,000 m indicated a colder climate between ca. 2000-1000 B.P. and warm/wet conditions after ca. 1000 B.P. (Hansen et al. 1994 ). An increase in Alnus and Huperzia indicate moister conditions after ca. 800 cal B.P. at Laguna de Chochos (3,285 m) in the eastern Peruvian Andes (Bush et al. 2005 ). An increase in Alnus and fern spores indicate moister conditions after ca. 1800 year B.P. at Lake Surucucho (3,200 m) in the central Ecuadorian Andes (Colinvaux 1997) . Three old river-channel lakes (Rio Napo) in the western Amazon basin of Ecuador showed regional flooding from ca. A.D. 700-1200 (Colinvaux et al. 1988a) . Pollen data from the endorheic Lake Ayauch in the InterAndean Plateau of Ecuador reveal local evidence for a moist episode from ca. A.D. 400 to 1200 (Colinvaux et al. 1988b ).
An alternative interpretation of the decreased values of Fe, Ti and Si after ca. 1100 cal B.P. (A.D. 850 ) is that drier conditions resulted in reduced sedimentary input (Fig. 7) . The Fe, Ti and Si record is an indicator of fluvial terrigenuous sediment derived from bedrock; whereas magnetic susceptibility is an indicator of detrital input (e.g., Lamy et al. 2001 Lamy et al. , 2004 Niemann et al. 2009; Richter et al. 2006) . Palaeoenvironmental studies from other sites in the northern Andes reveal drier conditions for the late Holocene. For example, pollen studies from lowland Amazonian Ecuador (220 m) reveal relatively wet conditions between ca. 3700-1000 cal B.P., whereas from ca. 1000 cal B.P. to the present conditions have been relatively dry (Weng et al. 2002) . During the last ca. 1,200 years, the input of forest pollen was greatly reduced due to human disturbance or climatic change in the Junin area (4,100 m) in the Central Peruvian Andes (Hansen et al. 1984) . A palaeoclimatic record from the Cuzco region in Peru shows a long dry episode from ca. A.D. 900 to 1800 (Chepstow-Lusty et al. 2003) . During the late Holocene, stable isotopes in ice cores from Quelccaya in the central Peruvian Andes (up to 6,000 m elevation), indicated a warmer period from ca. A.D. 1140 to 1250, coeval with the 'Medieval Warm Period', and a cooler period between ca. A.D. 1300 and 1850, correlated with the 'Little Ice Age' in the northern hemisphere (Thompson et al. 2003) . Palaeolimnological records from Lake Titicaca (Bolivia) show a wet period from ca. 1500 B.C. to A.D. 1100 and a dry period between ca. A.D. 1100 and 1400 (Binford et al. 1997) . On the other hand, the decreasing values of Fe, Ti and Si may have been the result of reduced vegetation coverage and change in floristic composition after ca. 900 cal B.P. (A.D. 1050) .
Our data, as well as excavation near the lake shore during the field work did not reveal the origin of the lake, which could have been from a landslide or from human activities (water reservoir). The large number of palaeoterraces down-slope from the lake could have originated from irrigation during drier periods. If the lake was an irrigation reservoir, the increasing lake level may have resulted from reduced human activities (see below).
Human impact
The pollen records from ECSF T2/250, ECSF Refugio and Laguna Zurita in general showed a floristic change between ca. 900 and 350 cal B.P. (A.D. 1050-1600) . Arboreal pollen increased and non arboreal pollen (especially Poaceae) and ferns decreased (Table 4 ). This change is associated with significantly lower fire intensity (ECSF T2/250 and ECSF Refugio), indicating a reduction in human activities. This reduction may have resulted from civil conflicts in pre-Inca time, or the resettling politics of the Inca, or the onset of the Spanish conquest. After the reduction of human influence, the forest recovered in the upper Rio San Francisco valley. The earliest human activity in the region of Loja was dated to around 4000 B.P. (Guffroy 2004 ). In the eighth century, indigenous populations warred in the La Toma valley, about 10 km north of Loja (Guffroy 2006 (Berrio et al. 2002) . The pollen record from Lake Ayauch (500 m), southeastern Ecuadorian Amazonia, shows Z. mays cultivation between ca. 2,960 and ca. 720 cal B.P. The abandonment of Z. mays cultivation may have been due to social unrest (Bush and Colinvaux 1988) . During the field work, a high number of simple terraces, mostly on slopes of 10-35°, were observed in the Rio San Francisco valley, as well as throughout the Loja region (Fig. 9) . The high number of terraces indicates human activities during the past. Some overgrown terraces have been identified in the lower part of the ECSF research area (below ca. 2,600 m), most of them close to the valley bottom. Where field mapping is restricted, due to closed forests or inaccessibility, GIS calculations indicate that nearly half of the calculated area, including the lower part of the ECSF research area below 2,600 m (Fig. 8) , offers potential places for Z. mays cultivation. About 42.6% of the area has an inclination of 10-35°(suitable for terraces), 2.8% an inclination of \10°(terraces not necessary for cultivation), and 54.6% an inclination of [35°(unsuitable for Z. mays cultivation).
Dated terraces in the Loja region are of pre-Inca and Inca age (Guffroy, personal communication) . One of these terraces (Fig. 9) , located 3 km east of the ECSF research area, just above the small village of Sabanilla (ca. 1,800 m), was sampled for pollen and spores (radiocarbon dates are not available). Relatively low values of arboreal pollen and some pollen of Z. mays in the lowermost sample suggest agricultural activities during this time, the period before the floristic change. The samples from the middle part of the record show high values of arboreal pollen and low amounts of Poaceae pollen, indicating a closed forest, characteristic of the late-Holocene reduction of human activities. The uppermost sample shows a high occurrence of Poaceae pollen and coprophilous Ascospores, suggesting an open vegetation type with intensive pasturing in modern times (Niemann 2008) . The resettling of the Rio San Francisco valley was started in the mid-20th century by Mestizes Colonos, settlers from other parts of Ecuador (Pohle 2008) . The construction of the road between Loja and Zamora, and the power station next to the ECSF research area in the late 1950s are responsible for new settlements and associated landscape disturbance during the last few decades. The decrease in arboreal pollen during the last ca. 50 years, shown in the records Laguna Zurita and ECSF Refugio, also indicate this increased human impact. In modern times, the ECSF research area has been a closed forest system within a disturbed landscape.
Conclusions
Past fires have markedly influenced the floristic stability of the mountain rainforest ecosystem in the upper Rio San Francisco valley, including the ECSF research area. The high occurrence of grasses and some maize plantations, document past human activities in the upper Rio San Francisco valley. After the reduction in fire frequency and presumably human influence after ca. 900-350 cal B.P., forest began to invade open areas. The reduction in human activities may have been the result of political unrest, including civil conflicts in pre Inca time, the resettling politics of the Inca, and the arrival of the Spanish. A convincing case for a climatic cause for the lake-level rise at Laguna Zurita before 700 cal B.P. cannot be made, and it may have an anthropogenic origin.
The record of human impact indicates that the mountain rainforest of the ECSF research area is not virgin. However, more than four centuries without marked disturbances suggests that the forest represents a relatively 'natural' stage of a mountain rainforest ecosystem.
